INTRODUCTION
distributions of household and/or person attributes based on known univariate control distributions 21 (11). Guo and Bhat (12) extended the IPF procedure to enhance the fit to person-level attributes. lead to a potential mismatch between the synthetic population and true population on known 10 characteristics of interest. The primary objective of this paper is to present an enhanced IPU 11 algorithm that is able to accommodate constraints at multiple spatial resolutions.
12
The remainder of the paper is organized as follows. The next section presents an overview 13 of the synthetic population generator called PopGen, which is based on the algorithm described in 14 Ye et al. (19) . This is followed by a description of an enhanced approach to accommodate controls 
OVERVIEW OF POPGEN METHODOLOGY

22
The traditional IPF procedure is adopted by most synthetic population generators to estimate applied to obtain cell "constraints" that must be matched through the population synthesis process.
38
The IPU algorithm computes weights for sample households such that household-level as well as (Table 1 ). In the IPU procedure, unit weights are initially assigned to all sample households 42 depicted in a sparse matrix format (see the column labeled "Weights" in Table 1 ). The weighted 43 sum is computed using the initial set of weights. Next, an adjustment factor for a household-type 44 or person-type is computed by dividing the constraint by the corresponding weighted sum (e.g.,
45
35/3=11.67 for household type 1). The first three households that belong to household type 1 receive a weight of 11.67 (see Table 1 ). The algorithm proceeds by continuously adjusting 1 household weights to account for subsequent constraints. After adjusting sample household 2 weights, the weighted sums are updated for all household-types and person-types. When all 3 constraints have been considered once, a full iteration is said to have been completed. In Table 1,   4 the column labeled "Weights 5" depicts the weights obtained at the end of the first full iteration.
5
The completion of each iteration is followed by a check of the goodness-of-fit. If the 6 goodness-of-fit satisfies a user-specified tolerance, the IPU procedure is terminated. A deviation 7 measure ( ) for each household-type or person-type is computed as:
where j denotes the constraint or population characteristic of interest (j = 1, 2,…, 5) 9 represents the weighted sum of households for population characteristic j 10 is the actual number of households or persons in the true population for characteristic j.
11
The county), and Geo is the more disaggregate 'lower' level spatial resolution (e.g., census tract).
24
The deviation measure "δ" helps assess the match between the weighted sums and the 25 constraints at the end of each iteration. The deviation value can be computed at both Region and
26
Geo levels using Equation 1. At the Region level, the deviation measured should be computed 27 considering all geographic units together. For example, in Table 2 
Adjust Household Sample Weights to Match Region Level Constraints
35
In this step, sample household weights for all geographic units in a Region are adjusted to match 36 the marginal distributions at the Region level. The procedure consists of three sub-steps.
37
1. An adjustment factor for the first household type is computed as the Region level constraint 38 divided by the corresponding weighted sum in all geographic units taken together. In the 39 example shown in Table 2 , the adjustment factor is 86 ÷ 4 = 21.5 for households of type 1. Table 2 ). household and person types at both Region and Geo levels. In Table 2 Table 2 shows the results at the end of the first full iteration at the Region level (the weight 6 computation procedure is run thrice within the first full iteration, once for each of the three distinct 7 household types at the Region level). It can be observed that the δ values for all household types 8 at the region level are zero as the weighted sums match the Region level constraints perfectly.
9
However, the δ values at the disaggregate Geo level are not close to zero.
10 11
Adjust Household Sample Weights to Match Constraints for Each Geographic Unit
12
The objective of this step is to satisfy the household type and person type constraints at a finer 13 spatial resolution by adjusting sample household weights within each geographic unit (Geo). To 14 achieve this, the sample weighting process is applied separately to each geographic unit. 
CASE STUDY 1
To test the efficacy of the enhanced IPU algorithm, a case study is carried out where a synthetic 2 population is generated for a model area while controlling for household and person type marginal 3 distributions at both the county (Region) and TAZ (traffic analysis zone serving as Geo) levels. In 4 addition, the case study demonstrates the value of using additional controls at more aggregate 5 spatial levels in generating a synthetic population. First, the model area, the input data, and the 6 population synthesis setup is described. This is followed by comparisons of goodness-of-fit of the 7 synthetic population and performance metrics for the estimated sample weights. population generation process and the efficacy of the multilevel enhanced IPU algorithm. Table   9 5 presents similar statistics for the person-level attributes. An examination of Transportation Research Part B: Methodological, Vol. 58, 2013, pp. 243-263. 43 25. Ma, L., and S. 
